ROOSTEFR PARAMETERS TOR 1 OR 2-TURN STACYTNG T3 THE ACCUMUIL ATOR
FRLWA W IS N Il 3 A0 RS STP & ¥V R NTE A S E ) R Soad e RS L S aldNAT LD L 00 aviouval 4L

A, van Steenbergen and 3. Billinge

Mlay 15, 1968

The introduction of the "Proton Accurm,tlator”:L between
the booster and the maln ring allows the booster to cyele
more slowly. This results in a pronounced reduction in its
rf system requirements. Alternatively, if 2 turn injection
into the accumulator is considered, the charge required per
booster cycle is halved, and since the booster injection
energy is determined mainly by space charge considerations,
this suggests a reduction in the booster injection energy.

The optimizaticon of the booster injection energy with
single turn injection into the accumulator ring has been

2 This note 1s mainly concerned with

separately considered.
the implications for the booster parameters 1If 2-turn stack-
ing into the accumulator was to be considered the normal

mode of operatilon.

Criteria for Parameter Scaling

Since it will be accepted that the main ring aperture
should not be increased, the transverse phase space areas of
the 10 BeV main ring injected beam should not he larger than
the present design book values. Directly related to this is
the linac beam emittance, its dllution in booster, beam

transfer systems and proton accumulator, and its
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iccepted magnitude 1f different values of the required linac
neam intensity are considered.

Here it will be assumed that t{he linac beam =mittance
value which will be used as the relevant design value, 1is

proportional t¢ linac beam intensity, at least in the inten-

e

5ity domain of 50 ma to 100 ma. This deoes not imply that

a "knob" exist which, with reducing linac intensity, will
reduce the linac emittance. It does imply that for various
maximum currents, different lon source pgeometrical varameters

will be used, permitting the use, as a design parameter, of

a lower emittance value for lower linac beam currents, 1l.e.,

Ay | =By L = CiTp

in domain 50 <« IL < 100 ma for fixed linac energy.

Further, the following assumptions have been made as
related to phase space dllution factors:
2) TFor the vertical phase svace dilution at or rear injec-
clon energy in the booster a factor of Z has been assumed.
{This has been accepted for the existing booster design).
This faector has been assumed tc be 2 function of
(NSP°Ch'/NSt>B’ i.e., Booster space charge limit divided by
stacked number of protons. Arbitrarily, the wvalues of 2,
1.7, 1.5 have been used in the fcllowlng table depending on
the value of (HSDoCh/NSt)B
b) Four turn Bcoster injection stacking, with a stacking

dilution of Out = 1.5 has been used in the calculations,
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although the "lossy multiturn" injection technique will be
used operationally.
¢) Transverse phase space diluticn factors of 1.1 (107
dilution) due to transport and injection errors, (l.l)2
with the proton accumulator and a value of Ogg = 1.5 for the
proton accumulator two-turn injection process {("Coherent"
two turn stackling) have been assumed. These wvalues should

be considered optimum values, which seem nowever cbtalnable.

In the cases to be indicated below, whereby two turn
injection into the proton accumulator has been assumed, the
lower charge per booster cycle requirement resulted in the
possibility of elther using one or two turn injection into
the booster. All resulting parameters for both options have
been calculated, only the two turn injection cases will be
ziven here. The one turn injection intoc the booster,
taking into account E2,L = CIL,resulted in all cases 1in a
significantly higher booster cost and therefore will not be

presented here.

In the table below the designations, such as 8150,1082
have been used,referring to the main ring injector variants,
whereby a booster with 150 MeV 1njecticn energy,cycling fre-

quency of 10 Hz and procton accumulator with two turn injec-

tion has been assumed.
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The following parameters have heen used in all cases:

a) NMR/sec = 1.5
5) (éE)

®/ 1inac
+0,8 10-3

For various booster injection energies this is scaled

1013,

at 200 eV, for 10 < IL

with ég. < g~ L(gy)~L1/4

c} AZ,L

= 71 cm-mrad, at I

L

7% ma.

Table 1

< 100 ma, equals

Main Ring Injector Variants Comparison

B200,15 B200,551 B200,1052 3150,1052 B100,1052
MR rep. rate (sec) 3 2.6 2.6 2.6 2.6
Nyg/cvele 4.5 1013 | 3.9 1013 |39 1013) 3.9 1013 | 3.9 1013
Ng/ cycle 3.5 1012 | 3.0 1082 |1.5 1012] 1.5 1012 | 1.5 1012
B., ma-turns, inj. 200 175 86.7 78 66
Nominal ma-turns, inj.] 4 X &7.5 4 X 60 2 X 60 2 X 55 2 X 45
Ay 1 (cm-mrad) 0.9 0.8n 0.8 0.88w 0.87x
Ayy X Ay, (at py, B) 18x/54n 16m/48n 127 /247 15w/26x 17%/26w

(uyrad m)

MNgpen/Needp 1.4 1.4 2.4 1.8 1.1
Ajy XAy, (@t poy MRY | g 90/3 50 | 1.0n/3.4n{ 0.8v/4.4n0 0.91/4.1n | 0.81/3.3n

(urad.m)2
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A simple graph (Fig. 1) illustrating these results sug-
zest a favourable optimum, if two turn PFA Injection is as-
sumed, as

(a1

2 . i i e s
.120,1082 In this c¢ase approximately t.ie same

sp.ch /N“t )13 would be obtained, whereas the horizontal

transverse phase space ("grunck" G) at injection in the

main ring would te approximately the same as in the B
200,15
case.

Surprising as these results may be, it is directly re-

lated to the assumption of

where €5 L,is the momentum normallzed emittance
-]

. A2 L
(e2 = By T ). This may ke shown in the followlng manner

by writing further:

n n
. = A 2R B B
NS.'C B ¢ IL ( eC) Bi,g COIL . n

Combining these two equatlions yields
ep = C By g Ngg,p/0g -

The horizontal transverse phase space emittance (GH)

available at injection to the main ring is given by

Gy = Dpy 9y 9 &2

where nPA is the number of injected turns into the PAj Ny,

t+he same for the booster and the dilution factor, dH, is
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given by
d,, = d d (4, )°
H st.B st.rA tr
Conseguently, GH = C npy dH Bi,B ”st.B‘
For fixed wvalues
of

nPA’ dH and Nst.B’ GH 1s proveorticnal to Bi,B‘ This is

in general agreement with the results shown in Fig. 1.

Similarly, the expression for Gv can be given as

GV = C dy Bi,B

H
sE.B s

o

where, in this case the vertical dilution factor may be ex-

pressed as

dy = dy B ° dy,pa>

and
N" ch
d, g = dy |22

I
st

For fixed values of Nst B injected number of turns into the
>

booster HB’ Gv is proporticnal ‘to 2 however, for various

1,B°

N
values of[-SR:Ch: , a variation of 4 . should be assumed.
Nst 3 . ’
As indicated in the foregoing, the values of 1.5, 1.7, 2.0

have been assumed in the cases for 200, 150, 100 HMeV injec-

tion, respectively. Thls explains the non varlation of the
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dv values in the table with booster injection energy, i.e.,
B, _ * d_ for these cases 1is 0.55%5, .36, 0.655; rescectively.
This is coincidental related to the somewhat arbitrary
choice of the magnitude of dv,B'

It i1s obvious from the expressions for GH and GV that a
lower booster injection energy is desirable, at least for. the
two turn injection case. The extent to which it is possible
to lower the injection energy can be found, in a first ap-

proximation), as follows:

N

st.B

= 2.3 -
sp.ch.B ~ K'B™y A2,L (i *+ vYngd )

v 2 ) ‘/'é——
K'sv%e, | (1 + /i dst_B) )

Conseguently,

1/2
L+ (npdge . p)

N. :
Sp.Ch - K(@Y)a

This equation suggests that for a fixed mode of booster

injection, say nominally n L, d 1.5, as 1z assumed

B - st.B
for the 8200’15 case, any lowering of (8y) results in a
lower value of Nsp.ch./Nst) B which would be undesirable.
However, with two turn injection into the PA the booster
charge per cycle has been reduced sufflciently, so that two

turn booster injectlon stacking, with nominally, ng = 2,

dst 3 = 1.3, would be & more favourable mode of injection.

*The variation of the space charge formula image effect fac-
tor has heen lgnored here.
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T"he form in square brackets increases accordingly by a face-

= 5 Tt Y . lue ©
tor of £ 1.5, permitting a lower (BY)B,lnj. va y a factor
of /1.5, or a booster injection enersy of approximately 130
MeV. This is consistent with the conclusions to te drawn

from the values in Table I and the results i1llustrated in

Fig. 1.

Conclusions

From the foregoing the fcllowing conclusions may be drawn:
1) BE,SSI cases.

Lower booster injection enerpgy 1s possible. lowever,
more phase space dilution is required at booster injection
iﬁ prder to meel the space charge limit. As a consequence a
net increase occurs for the GV and GH values resulting in
reduced beam "brightness.”" The conclusion is that with single
turn PA injection, 200 MeV injecticn enefgy inte the hooster
seems tTo be & desirable narameter when considerin- the
variocus factors invelved.
S, cases.

BE,10%2
Related to the significantly lower charge per booster

2)

eyele, lower injection energy into the booster is possible,
as indicated above, and actually essential in order to obtain
smaller GH values for injecticon into the main ring. With
approximately 120 MeV booster injection energy, it seems
possible to obtain comparable GH’qf values as for the case

in which no PA 1s used.
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3) A comparison of the two turn PA injection and single turn

PA injection leads to

(Gﬂ)l turn PA 1

d .
(GH)Q turn PA 3t.FA

i

0.77

4 priori, a factor > 2 would be expected here, the signifi-

cantly smaller factor traces bpack again to € = C'IL.

s L

A

This is consistent with the GH values #iven in column 2 and
3 of Table I. Consequently, for both single and two turn
(multiturn) PA injection the lowest injection energy consls-
tent with the booster space charge limit is indlicated from
the point of view of magnitude of GH’ GV values.

L}y Considering :ain Hing injector variants, 1t is relevant,
specifically related to future use of intersecting storage
rings, to preserve team 'rightness [4&%43/(Gﬁav)] as

much as possible,

5) L sufficient amount of uncertainty related to the trans-
verse phase space dilution factors, especially related to
st PA exists, so that the actual values assumed here should
be considered optimistic values.

6) The foregoing 1s meant to consider relevant vnarameters
for the hooster in case of utilization of a 2A. It should
not he interpreted as expressing an opinicon related to the
PA additicn as a2 desirable design variant cof the total ac-
celerator.

7)) T"he PA presents a desirable future ontilon for further

inereasing the main ring averasge intensity.
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For the wvarious cases cost estimates have been made

APPENDIX

and cost Aifferences nave been calculated for “ooster llagnet

system and power supply, Booster rf system, Linac costs, etc.
“his may be summarized as follows {(Table II and IIT):
Table II
Booster PS + Ma t
gue , 200,15 B200,5%1  %200,10%2 B150,105,  B100,105:
Agy X Ay, (at p4,B) 18n/54n 16w/ 48n 12n/24m 15n/26w 17n/26m
(vrad.m)
Apertures, (mm)?
(G/2 X H/3) Dl 28.4 X 47.8 27.2 X 46.2 24.9 X 39.00 27.0 X 40.4 28.3 X% 41
Fi 21.5 X 68.1| 20.6 X 65.3 18.9 X 54.3 20.4 X 56.6 21.4 X 58
Magnet Stored Energy, 1.0 0.90 0.73 0.84 0.91
MJ
Cost PS + Magnet, M$ 3.33 3.06 2.44 2,80 3.05
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Table IIL
A Cost (MS) By00.15 200,551 B200.105%2 B150.1052  Bypg 1052
Booster PS + Magnet 0 ~-0.3 -1.0 -0.65 -0.4
Booster rf 0 -1.9 -1.0 ~0.7 +0.3
Linac 0 Q 0 -1.8 -3.8
MR rep rate 0 -0.3 -0.3 -0.3 -0.3
P A 0 + + + +
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